Einstein's General Relativity theory simplifies dramatically in the limit that the spacetime dimension D is very large. This could still be true in the gravity theory with higher derivative terms. In this paper, as the first step to study the gravity with a Gauss-Bonnet(GB) term, we compute the quasi-normal modes of the spherically symmetric GB black hole in the large D limit. When the GB parameter is small, we find that the non-decoupling modes are the same as the Schwarzschild case and the decoupled modes are slightly modified by the GB term. However, when the GB parameter is large, we find some novel features. We notice that there are another set of non-decoupling modes due to the appearance of a new plateau in the effective radial potential. Moreover, the effective radial potential for the decoupled vector-type and scalar-type modes becomes more complicated. Nevertheless we manage to compute the frequencies of the these decoupled modes analytically. When the GB parameter is neither very large nor very small, though analytic computation is not possible, the problem is much simplified in the large D expansion and could be numerically treated. We study numerically the vector-type quasinormal modes in this case. 
Introduction
In Einstein's General Relativity, the vacuum equation takes a very simple form R µν = 0.
(1.1)
However mathematically concise and beautiful it looks, the equation is a set of coupled highly non-linear partial differential equations. The nonlinearity makes it extremely difficult to analyze. In recent years, Emparan, Suzuki and Tanabe (EST) [1, 2, 3] proposed an ingenious method called "Large D Expansion" to study the dynamics of the black holes. EST considers the limit that the spacetime dimension is very large and develops a systematic way to do 1/D expansion. This method was inspired by the large N expansion of SU (N ) gauge theories [4, 5] . Extended objects called strings are formulated in the large N expansion of Yang-Mills theories and the counterpart of the string in the Large D expansion of gravity is the black hole. A Schwarzschild black hole of a Schwarzschild radius r 0 in D spacetime dimensions is described by the metric [6] 
We can see that the geometry of a black hole in D spacetime dimensions is non-trivial only in a distance r 0 D−3 away from its event horizon outside of which the geometry can be essentially taken as the Minkowskian spacetime. Therefore, the black holes can be regarded as non-interacting "particles" of finite radius but vanishingly small cross sections [1] . Thus, the focus of EST's work has been mainly on these non-perturbative extended objects, while the black branes and the membranes have also been considered in their work and the following works by other groups 5 [1, 2, 3, 7, 8, 9, 10, 11] .
Most importantly, EST have developed a systematic method of computing the quasinormal modes by the 1/D expansion and obtained the results in perfect agreement with previous numerical results [7, 9, 10] . They found that there are two kinds of quasinormal modes, the non-decoupling ones and the decoupled ones. The non-decoupling ones are non-renormalizable in the near horizon geometry, and such modes have frequencies of order
. These modes, however, are universally shared among all spherically static black holes since they essentially reflect the asymptotic flatness of the black hole so that they carry little information about the black hole geometry. Besides, there are decoupled modes localized within the near horizon region, with their frequencies being of order 1 r 0 . In contrast to the non-decoupling modes, the decoupled modes is tightly related to the specific black hole geometry beyond the leading large D limit. Therefore, their values at the higher orders exhibit detailed near-horizon properties of a specific black hole.
The quantum corrections to the classical general relativity implies the existence of the higher curvature terms. Among the higher curvature terms, the so-called Gauss-Bonnet(GB) term is of particular interest. It is made up of the quadratic terms in curvature, and appears as the leading correction in string theory [13, 14] . This term is a simple topological term when D = 4, and becomes physically relevant only when D ≥ 5. Including the Gauss-Bonnet term into the gravity action, we get
non-decoupling and decoupled quasinormal modes respectively. In Appendix, we give numerical results for the decoupled vector-type quasinormal modes of "hybrid" Gauss-Bonnet black holes at the leading order.
Basic geometry
The metric of a spherically symmetric and static black hole in the Einstein-Gauss-Bonnet gravity could be written as [14] where µ is the mass of the black hole. The horizon is at r = r H which is related to the mass µ by the relation
For convenience we can set r H = 1 and introduce an useful quantitỹ
In terms ofα the f (r) and q(r) can be expressed as
In order to discuss the large D expansion, we introduce an expansion parameters 6) and let R ≡ r r H n . (2.7)
Smallα
Whenα is small, for exampleα ∼ O(1/n), the second term in q(r) 2 is very small so q(r) can be expanded as a power-series ofα. This is always possible because we are interested in the geometry outside the horizon such that r > r H = 1 and therefore 4α(1 +α) 1. In order to precisely represent the "smallness" ofα, we introduce a new parameter β ≡ nα, which is of order one β ∼ O(1). Using 1/n expansion the above formulas can be expanded as
In this case the near region is r − r H r H , or R e n and the far region is R 1. Obviously, when β → 0 we recover the Schwarzschild case in pure Einstein gravity.
We could expect that in the case thatα is small, the corrections originating from the Gauss-Bonnet term must be small. From the expansion in the function f (r), the effects from the Gauss-Bonnet term should only be reflected at the 1/n order or even higher order terms. In the limit β → 0 we should reproduce the results in the Schwartzschild black hole in the Einstein gravity.
Largeα
Whenα is large enough, for exampleα ∼ O(n 2 ) and α ∼ O(1), in the region where R n 4 , the second term in q(r) 2 dominates and we could expand it in series of 1/n, so the forms of q(r) and f (r) are expanded as
The validity of the expansion requires that R n 4 , which we will refer to as the near region although it is smaller than the usual near region where r − r H r H . This is all right since it still has overlap with the far region R 1 . Whenα is a little smaller, e.g.∼ O(n) or even larger e.g.∼ O(n 3 ), the discussion on the 1/n expansion is similar. The only difference is that the near region becomes smaller R n 2 or larger R n 6 . Therefore we will treatα ∼ O(n 2 ) as a typical example for the largeα case and discuss it explicitly.
However, whenα takes an intermediate value, i.e.α ∼ O(1), even in the large D expansion the metric is too complicated for us to compute the quasinormal modes analytically. In this case, the leading order form of f (r) is given by 12) which is quite different from (2.9) or (2.11). As a result there are different spectrums for the decoupled modes which are not universal and depend on the specific black hole geometry. In the appendix we present the numerical result of vector-type quasinormal modes at leading order to show this point.
3
The quasinormal modes for a scalar field
As the first step, let us consider a minimally-coupled scalar in the black hole background. As the black hole geometry is spherically symmetric, the scalar wavefunction could be decomposed into the following form
where ω is the frequency and Y l,m is the spherical harmonic function. The differential equation for the radial function is
where ω c =ˆ + 1 2 ,ˆ = /n,ω = ω/n. The above equation can be recast into a master equation of the form
where
The height of the potential is V max = n 2 ω 2 c . Since the potential varies slowly in the overlapping zone, we can treat it as a constant. As a consequence, the differential equation (3.3) in the overlapping region takes the form
In fact this form of the radial equation is independent of the value ofα, although the range of the overlapping region depends onα. Ifω = ω c , the solution of this equation is
while ifω = ω c , the solution is of the form 8) where A ± , A, B are integration constants. The quasinormal modes are the solutions of (3.3), which should satisfy the ingoing boundary condition at the event horizon and the outgoing boundary condition at the infinity. At the horizon this requires 9) whenα is small and ψ(R) = ( 10) whenα is large. Here φ s (R) is some regular function at R = 1. The strategy to find the quasinormal modes is to solve the differential equation of the perturbation in the far region and the near region with appropriate boundary conditions. The matching of the solutions in the overlapping region then determines the quasinormal modes.
Near-region solutions

Smallα
For a smallα, consider the leading order in the 1/n expansion in the near region, from the behavior of f (r) in (2.9) we see that the differential equation (3.2) is exactly the same as the one in the Schwarzschild black hole, which is of a hypergeometric type. Hence the solution that satisfies the ingoing boundary condition at the horizon is exactly the same as the result in [1] ,
(3.12)
Largeα
For a largeα, up to the 1/n 0 order, the radial equation is simplified to be
The solution is
The boundary condition (3.10) selects the solution to be
As discussed in [9] , the only information that we need from the solution is their large R behavior in the overlapping region where R 1. It is easy to find that for a generalω no matter what valueα takes there is always 
Following the discussion in [9] , in the overlapping region, in terms of the coordinate R the solution takes the form (3.7) or (3.8).
Quasinormal modes
As we have seen, the far-region solution is exactly the same as the one in the Schwarzschild black holes whateverα takes. On the other hand in the near region, the radial equation for a smallα is identical to the scalar equation in the Schwarzschild black hole background. But for a largeα the radial equation and its solution in the near region is different. Nevertheless the useful information in the overlapping region is encoded in Eqs. (3.17) and (3.18) , the same as the ones in the Schwarzschild case.
If we try to paste the solutions in all regions satisfying the appropriate boundary conditions, we see that even though the solution in the near region could be different, the solution in the overlapping region is the same as the Einstein gravity. Consequently we conclude that the quasinormal modes for a scalar field in the Gauss-Bonnet black hole (2.1) are completely the same as the ones in the Schwarzschild black hole background.
Non-decoupling modes for gravitational perturbations
In the last section, we discussed the quasinormal modes of a scalar field in the GaussBonnet black hole background. The scalar field is taken as a probe and is minimally coupled to the gravity. It could only probe the geometry of the background but cannot see the dynamics of the Gauss-Bonnet gravity. In this section, we discuss the gravitational perturbation in the Gauss-Bonnet gravity. This may allow us to investigate the dynamics of the theory.
The linearized gravitational fluctuations could be classified according to their transformation properties under the rotation group: scalar-type(S), vector-type(V) and tensortype(T) gravitational perturbations. Each type of the perturbations satisfies the master equation of the form
where s = S, V, T denotes three types of the perturbations. The potentials in (4.1) depend on the types of the perturbation [18] 
and The discussion on the non-decoupling quasinormal modes is similar to the one for the scalar field in the previous section. In order to find the quasinormal modes, one need to solve the master equation in two different regions and then match them in the overlapping region.
Smallα
Up to the leading order in 1/n, the metric is the same as the one in the Schwarzschild case, so we could expect that the quasinormal modes are the same as long as we only keep to leading order. Although the three potential forms are complicated, the GB effect appears only at the next-to-leading order. Actually the leading order form of the three potentials are
10)
(4.11) All of them are independent of β so that the GB term has no effect on the non-decoupling quasinormal modes in the smallα case.
Largeα
In Fig. 4 .2, we show the potentials for different types of gravitational perturbation in the very large n limit. Here we choose n = 10 3 ,α = 10 6 , and = 10 3 . From Fig. 4 .2, we find that there are two plateaux, a fact that is very different from the Schwarzschild case. The lower one is unique for the Einstein-Gauss-Bonnet gravity and it disappears in the limit thatα goes to zero. Its height is (1 + 8ˆ + 8ˆ 2 )n 2 /16. It is in the range of the near horizon region R α 2 we defined before so that it is suitable for the 1/n expansion. The higher one is beyond the near horizon region, and its height is n 2 ω 2 c , the same as the one in the Schwarzschild case, since the Gauss-Bonnet black hole we considered is also asymptotically flat. Recall that the non-decoupling modes are non-normalizable in the near horizon geometry. The real part of the frequency of the non-decoupling quasinormal modes is lower than the maximum of the potential. As now there are two separated plateaux in the potential, there might be two different sets of non-decoupling modes. Let us work them out in detail.
Lower plateau
Let us focus on the lower plateau first. Up to the leading order in the 1/n expansion the heights of the three potentials are the same, so in this case the basic form of the solutions of the master equation (4.1) in the overlapping region must be
where we have defined a new quantityω c = 1 + 8ˆ + 8ˆ 2 /4. Whenω =ω c there is
For different types of the perturbations, the potentials in the master equation take different forms. Up to the leading order they are respectively
14)
(4.16) For the tensor-and vector-perturbations, their equations are of hypergeometric types. Taking into account the boundary condition at the horizon the solutions are respectively
For the scalar-type potential the equation is more complicated. As in the case discussed in [9] , the scalar solution can be expressed as some differential operators acting on a hypergeometric function.
The only information that we need from the solutions is their large R behaviors in the overlapping region where R 1. It is easy to find that for generalω , we have In terms of the coordinate R the solution can take the form (4.12) or (4.13).
The matching of the near-and far-region solutions give the non-decoupling modes whose frequency are of order ∼ O(n). As discussed in [9] , the least-damped modes have analytic expressions and the case of higher overtones could be described numerically. Here, we present the real part and the imaginary part of the least-damped mode frequencies as follows
and
where a k correspond to the zeros of the Airy function.
Higher plateau
On the other hand, the higher plateau should also generate the non-decoupling quasinormal modes. The solution should have ω c > |ω| >ω c such that the wave is purely outgoing with no reflection in the overlapping region, but gets reflected in the far region due to the presence of the second plateau. Because the second plateau is in the far-region the usual far-region solution (4.22) still works, and the non-decoupling modes are determined by the far-region solutions. Although the plateau is beyond the near-region, through a variable replacement R →Rn 4 we can pull it back to the near region. For example, after the replacement the leading order tensor potential becomes
(4.25) In the limit thatR → ∞,V T → n 2 ω 2 c as we expected. Near the edge of the second plateaū R 1, this corresponds R 1 so the solution should be connected with far-region solution of Ψ T (R). We will not illustrate this point in detail since the most important information is the amplitude ratios in front of wave-function components. The far-region solution tells us that in the case of |ω| >ω c the quasinormal modes should be identical to the ones in the Schwarzschild case, so for the least-damped modes the frequency spectrum is
As a conclusion we find that the interesting things happen when the GB couplingα is very large. There are two kinds of non-decoupling quasinormal modes, one kind is the same as the one in the Schwarzschild black holes. This kind of modes is universal for all asymptotically flat static black holes. The other kind is special for the GB black holes due to the emergence of a new plateau in the potential whenα is large enough.
Decoupled modes for gravitational perturbations
The decoupled modes are normalizable in the near horizon geometry. They are localized within the near horizon region and decoupled with the asymptotically flat region. Their frequencies are of order one. To leading order in 1/n, these modes are static and becomes dynamical at the next-to-leading order. They can be studied in the 1/n expansion order by order.
The form of the master equation can be recast into the form
All quantities can be expanded in powers of 1/n as 4) such that the decoupled modes can be studied perturbatively. The equation for the perturbation at each order is determined by the differential equation with a source
Here the sources
with j ≤ k, and from the solutions Ψ (j) s with j < k.
At each order, the solution should be normalizable. The strategy to read the decoupled modes is to first compute the lowest order solution and then compute the higher order solution order by order.
Smallα
In this case, to the leading order
The equation is exactly the same as the Schwarzschild case, and the Gauss-Bonnet effect is absent. At the next-to-leading order there are corrections from the Gauss-Bonnet term
As the decoupled modes are normalizable, the boundary condition at R 1 is
This is because the maximum of all the three potentials is V max s → n 2 /4, with = O(1), in the overlapping region, where 1 R e n . The master equation now has the form
For the decoupled modes ω = O(1), the normalizability of the solution requires Ψ ∼ 1/ √ R.
The other solution being proportional to √ R is non-normalizable and is excluded.
The boundary condition at the event horizon R = 1 is required by its regularity. This asks the solution to be Ψ(R → 1) = e −iωr * ,
where r * is the tortoise coordinate. Expanding Ψ(R) in series of 1/n, the explicit forms at each order are respectively
etc. Note that there are corrections from the GB term in Ψ (i) , i ≥ 2.
Tensor type
For the tensor-type perturbation, the leading order potential is 15) which is the same as the Schwarzschild black hole. The solutions are
Obviously, neither of the two solutions can satisfy the two boundary conditions simultaneously, so there is no decoupled quasinormal mode of the tensor type.
Vector type
The vector potential at the leading order is given by
The two independent solutions are
The two boundary conditions determine that
At the next-to-leading order, the potential is given by
The solution that satisfies the boundary condition at the infinity is
where A 1 is an integral constant. The boundary condition at the horizon requires A 1 = 0 and determines the frequency of the decoupled mode to be
Therefore at the next-to-leading order even though the vector potential is modified by the Gauss-Bonnet term, the quasinormal modes are the same as the ones in the Schwarzschild case.
At the order in (1/n) 2 , there are decoupled modes with the frequencies
Now, there is a correction from the Gauss-Bonnet term. This conforms to the expansion form of f (r) whenα is small. At the order in (1/n) 3 , the calculation is straightforward and leads to
(5.24)
Scalar type
Like the situation of the Schwarzschild black hole, in order to properly deal with the region where R = O(n) we need to introduce a new variablē
Then the potential to the leading order becomes
This potential correctly captures all the features of the scalar potential in the near-region. Especially, in the region 1 R n, we have a smallR which should be matched with the solution of Ψ(R) for R = O(1).
First of all it is straightforward to find the solutions for Ψ S (R) with the ingoing boundary condition at the horizon Ψ (0)
Up to the second order, at the large R the expansion of Ψ S (R) gives
To the second order, the solution forΨ S (R) with the boundary conditionΨ
The match of two solutions at the leading order requires C 1 = √ n + B 1 / √ n with B 1 being undetermined, but this is not sufficient to determine the frequency of the decoupled mode because there is 1/R term coming fromΨ (2) S (R)/n 2 . Indeed there is such a term
which, by matching with (5.29), determines that
This is equal to the result of the Schwarzschild black hole. One can proceed to find the frequency of the decoupled mode in the 1/n order
which encodes the correction from the Gauss-Bonnet term. The discussion for the higher order decoupled modes is similar and straightforward but becomes more and more complicated.
Largeα
In this case, there is
As in the situation of smallα, the boundary condition at the horizon can be given order by order as
etc. The boundary condition at R 1 requires
Note that this is different from the Schwarzschild case, because the maximum of all the three potentials in the largeα case is V max s → n 2 /16. In order to be normalizable, the decoupled modes should satisfy (5.38).
Tensor type
The leading order of the tensor potential U T is
and the corresponding solutions are
Obviously, none of the two solutions can satisfy the two boundary conditions simultaneously, and there is no decoupled quasinormal modes of tensor type.
Vector type
The leading order of the vector potential U V is given by
and the two independent solutions are The boundary conditions select Ψ
so there could exist the quasinormal modes of vector type. At the next-to-leading order,
then the solution is
where C 1 and C 2 are two integration constants. The boundary condition at the infinity requires C 1 = C 2 = 0, and the boundary condition at the horizon determines the frequency to be
It is a surprise that this is exactly the same as the one in the Schwarzschild case found in [9] . At the second order in 1/n, the potential is
Then the solution can be easily obtained. With the help of the boundary condition at the horizon, the second order frequency can be read
which is different with the one in the Schwarzschild case due to different effect from the boundary conditions. Actually, there is ω (1) + 2ω (0) instead of a simple ω (1) from the ingoing boundary condition, and the quasinormal mode at the second order is accordingly changed. At the third order, it is straightforward to read
From Fig. 2 we see that the vector potential has two minima, the negative one on the left side and the positive one on the right side. The negative one gives the above decoupled mode. The positive one is new, which does not appear whenα is small, and its location is at R ∼ O(n 4 ). We would like to investigate whether the positive one gives new decoupled modes or it leads to the same wave function discussed above propagating through the whole regions. In order to properly deal with the region with positive minimum, we introduce a new variableR
SinceR ∼ O(1) in the positive minimum region, we can study the wave function around the minimum using the 1/n expansion. The leading order vector potential in terms ofR isŪ
In the limit thatR is very small the potential reaches 1/16 which can be matched to the maximum of the potential (5.41) in the region 1 R α 2 . And whenR is very large the potential has a maximum 1/4 which is the same as the Schwarzschild black hole, since the spacetime is asymptotically flat.
At the leading order the differential equation becomes
and its solutions areū
At the largeR,ū 0 gives the correct asymptotic behavior which is 1/ √R . At the smallR, u 0 scales as 1/R 1/4 , this can be matched to the solution Ψ (0) V in the region 1 R α 2 . Next let us extend the discussion to the next-to-leading order. The solution Ψ V with the ingoing boundary condition at the horizon is
Its large R behavior is
On the other hand, to the same order the solution forΨ V (R) with the correct boundary condition at the largeR is
where C 1 is an integral constant. Then we make a replacementR → R/n 4 and expand the expression in 1/n. From the matching with (5.55) at the leading order, we can fix
To the next-to-leading order we get
The matching with (5.55) can determine all the undetermined constants (1/ √ R term comes from the next order), among which we have
Hence this verifies that the positive minimum do not give any new decoupled mode. Actually, the wave in the left valley of the potential propagate right to the next valley. In other words, once we find the solution in the left valley, we can extend it to the right and using the matching condition in the overlapping region we can determine the wavefunction in the right valley completely. It seems that the decoupled modes are only determined by the wavefunction in the left potential valley with the asyptotically boundary condition Ψ(R → ∞) ∼ (1/R) 1/4 . This is due to the fact that the potential plateau between two minima has a long enough extension. As we discussed above, the wavefunction in the second valley could be determined by the matching of the solution. A better treatment is to find the solutions in different regions and paste them correctly, and then read the frequency of the decoupled modes. We will have to use this treatment for the scalar type perturbation in the next subsection.
Scalar type
We follow the similar treatment in the smallα case. However now the first minimum locates at R = O(n 2 ), so the correct variable should bē
then the scalar potential in the leading order becomes
From this expression we can read all the features appearing in Fig. 2 : it reaches the same maxima n 2 /16 at the smallR and the largeR, and reaches a minimum between these two maxima atR = 1/16( − 1) 2 . Note that the scalar potential has a local maximum before the minimum. To determine the decoupled modes, we need to find the solutions in different regions and paste them correctly. First let us first match the solutions forΨ S (R) and the solutions for Ψ S (R) in the region 1 R n 2 . It is easy to find the solutions for Ψ S (R). With the ingoing boundary condition at the horizon, we get
In the large R region, Ψ S becomes
On the other hand, up to the next-to-leading order the solution forΨ S (R) with the boundary conditionΨ S (R) ∼R −1/4 is
Comparing with (5.63), we find that the matching at the leading order requires that C 0 = √ n+C 1 / √ n as before and the ω (0) term is given at the next order inΨ (2) S (R)/n 2 . However, a little subtlety here is that the third order wavefunctionΨ (2) S (R) is not convergent any more for largeR, and it seems that the far region boundary condition cannot be achieved. However, there is nothing bad that truly happens. This can be explained by examining Fig. 2 carefully. The figure shows clearly that the scalar potential is very different from the vector and the tensor potentials with a remarkable feature that the plateau connecting the two valleys may not be sufficient long and high for the wavefunction to decay into zero. Therefore the true far-region is in the higher plateau which has the same structure as the Schwarzschild black holes. For the first and the second order wave functions the lower plateau is long enough so that they would not stretch into the higher plateau, but for the third and higher order wave functions the wave stretches into farther region. Therefore we need to discuss the wavefunction in the second valley carefully.
To investigate the wave in the second valley, we introduce the variablẽ
It can be used to investigate the region R ∼ O(n 4 ) which is the location of the second valley and the edge of the higher plateau. The leading order potential is now
In the limitR → 0,Ṽ S → n 2 /16 which is the height of the middle plateau. Moreover wheñ R → ∞,Ṽ S → n 2 /4 gives the correct far-region behavior of GB black holes. The wave functionsR should satisfy the boundary conditioñ
With the potential and the boundary condition, the leading order solution is
On the other hand, at a smallR =R/n 2 we findΨ
S (R) → 1/R 1/4 so that it can be matched to the solutionΨ (0) S (R). Therefore we have three pieces of wave functions: the first is Ψ(R) which satisfies the ingoing boundary condition at the event horizon, the second isΨ S (R) which is valid in the first valley in Fig. 2 and matches with Ψ(R) in the region 1 R n 2 , the third isΨ s (R) which is valid in the second valley and satisfies the far-region boundary condition (5.67) and can be matched withΨ S (R) in the region 1 R n 2 . The three pieces should be matched in the overlapping region, which constrains all of the undetermined constants in solving the differential equation. This computation can be carried out order by order. At the first order all the boundary conditions can be satisfied provided that we have
At the next order, the frequency is
Similar to the vector-type decoupled modes, the scalar decoupled mode at the first order is the same as the one in the Schwarzschild case, but the scalar mode at the second order is different.
Summary and discussions
In this paper we studied the quasinormal modes of the Gauss-Bonnet black holes in the large D. We have obtained the quasinormal spectrum of a minimally coupled scalar field in the background of the Gauss-Bonnet black hole and three types of quasinormal modes of gravitational perturbations. Since the metric expansion depends on the value of the GB parameterα, we chose two typical values, a smallα of order 1/n and a largeα of order n 2 to investigate. In the large D limit, the geometry of the Gauss-Bonnet black hole is qualitatively similar to the one of the Schwarzschild case: the near horizon region becomes very short and approach flat spacetime very quickly. For the scalar field the quasinormal modes are identical to the ones in the Schwarzschild case [9] , and they are independent of the coupling constantα. This is in accord with the fact that the scalar quasinormal modes are universal and is insensitive to the black hole geometry.
When the effective GB parameterα is small, the non-decoupling modes of the gravitational perturbations are identical to the ones in the Einstein gravity. This is easy to understand as the effect of the GB term is negligible. However, when the effective GB parameterα is large, there is another set of decoupling quasinormal modes, besides the ones in the Schwarzschild case. This is due to the appearance of another plateau in the radial potential. The basic picture is that even if the GB black hole and Schwarzschild black holes share the same asymptotic geometry, the near region geometry is slightly different so that the non-decoupling modes in two cases are slightly different. Nevertheless, all the non-decoupling modes are non-renormalizable in the near horizon geometry, and their frequencies ω ∼ D.
For the decoupled modes, when the parameterα is small, the effect of the GaussBonnet term only appears beyond the leading order. This is within our expectation since the Gauss-Bonnet term is just a small modification to the Einstein's gravity after all. When the parameterα is large, the radial potentials for the vector-type and scalar type present new features: there are two minima rather than one, and the shapes of the potentials for the vector and the scalar are different. There are a few remarkable points:
1. There is no tensor-type decoupled mode. This can be seen easily from the potential:
there is no place to define a normalizable mode.
2. For the vector-type perturbation, one can read the decoupled modes from the wavefunction in the first valley, as the plateau between two valleys are long enough.
3. For the scalar-type perturbation, one has to compute the wavefunction in three regions and paste them correctly to read the decoupled modes.
4. At the leading order the frequencies of the decoupled modes are the same as the ones in the smallα. This is a little surprise since in this case the Gauss-Bonnet term should be dominant, and it raises an issue if the leading decoupled mode is universal or not. However the numerical analysis of the vector-type modes in the appendix shows that this is just a coincidence and even at the leading order the frequencies are not universal whenα takes an intermediate value.
It would be interesting to compare our analytic results with the numerical study. In [18] , the quasinormal modes of the GB black holes have been studied numerically in D = 5 − 11 for a large α. It was found that the instability in D = 5, 6 disappears in larger D. To compare with our results obtained in this paper, one has to push the study to much larger D.
The study of the quasi-normal modes in the Gauss-Bonnet black hole at a large D is the first step to understand the black hole dynamics in the Gauss-Bonnet gravity. The decoupled modes encodes the nontrivial black hole physics. It would be interesting to extend the study to the nonlinear regime, as suggested recently in [11, 19] .
A Numerical results of the first leading order of decoupled quasinormal modes of "hybrid" Gauss-Bonnet black holes
The computation of the decoupled modes in the Gauss-Bonnet black holes whenα is of order one is similar , but the analytical results are difficult to obtain. Therefore, one has to use numerical method to find the solution of ordinary differential equations with suitable boundary conditions. The large D expansion can still simplify the numerical calculation dramatically. Here we list the decoupled quasinormal modes of the vectortype perturbations at the leading order in Table 1 . Im Ω l 1 Figure 3 : The decoupled quasinormal modes at the leading order versus the parameterα for the vector-type perturbation in a "hybrid" Gauss-Bonnet black hole.
It is obvious that these decoupled quasinormal modes are all of the form −ik(l − 1), with k varying between 0.8 to 1. The relation between k andα are plotted in a minimum at aroundα = 0.65. It indicates that black holes are more "stable" when the GB term or the Einstein term dominates. On the other hand, when the GB term and the Einstein term are comparable, the black holes are less "stable".
